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ABSTRACT KEYWORDS
Recently, it is proposed that oxidant- antioxidant imbalance may have a Oxidative stress;
role in the pathophysiology of schizophrenia. The present study was per- Schizophrenia;
formed to assessdifferencesin plasmalevels of Malondialdehyde (MDA), Supplementation,
as an oxidant product, antioxidant such as superoxide dismutase (SOD), VitaminC;
reduced glutathione (GSH), vitamin E (4-tocopherol), vitamin C (ascorbic VitaminE.

acid) etc., and total antioxidant capacity (TAC) inthe patientswith schizo-
phrenia as compared with healthy controls. Our secondary aim was to
further evaluate the effect of combined supplementation of antioxidant
vitamins E and C along with anti psychoticstreatment on these parameters.
The study includes prospective, double blind, non-crossover,12 weeks
intervention of antioxidants. Plasma levels of MDA, erythrocytes SOD,
GSH, vitamin E, vitamin C and TAC levelsin plasmain patientswith schizo-
phreniabefore (n=40) and after regular antipsychotic treatment (n=20) and
treatment with antipsychotics plus antioxidant E and C supplementation
(n=20) were compared with healthy controls (n=40). The levels of MDA
were significantly increased in patient before treatment while the level s of
SOD, GSH, vitamin E and C and TAC in plasma shown significant reduc-
tion. However, the antioxidant supplementation along with antipsychotics
reverses the above levels. PANSS (positive and negative syndrome scale)
change scores at 12 weeks improved statistically significant with antioxi-
dant E and C supplementation as compared to alone antipsychotics treat-
ment. So oral supplementation of antioxidantsin combination reduces oxi-
dative stress and improves clinical symptoms suggest the application of
antioxidant in clinical trialsisbeneficial to prevent or reducesthe progres-
sion of disease. © 2012 Trade SciencelInc. - INDIA

INTRODUCTION disturbed behavior. It hasalife-timeprevaenceof ap-

proximately 1% of theworld’s population. The disor-

Schizophreniaisadevastating menta disorder, ex-  der has abad outcome, regardless of different treat-
pressed intheform of abnormal mental functionsand  ment (pharmacol ogical, socia, cognitiveetc.). Oxida-
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tive stressiscommon to severa neuropsychiatricdis-
orders. Themechanisms have been most widely stud-
iedinschizophrenia employing variousareasof research,
including oxidative biomarkers, psychopharmacol ogy
and clinicd studieswith antioxidantg.

The aetiopathogenesis of neuropsychiatric disor-
dersisincompletely understood, which may partly ac-
count for the persi sting dominance of the syndrome
nosology in neuropsychiatry, despiteitswidely recog-
nized inadequaci es. Oxidative stressmechanism have
been implicated in the pathogenesishastheoretica ap-
ped, asthebrainisconsdered particularly vulnerable
to thedamagefor severa reasong?. Theoxidativevul-
nerability of thebrain, with growing evidencefor neu-
ropsychiatry syndromes, suggeststhat oxidative dam-
age may beaplausible pathogenic candidate’?.

Infact, experimenta modd shavedemondrated that
oxidative stress induces behavioral and molecular
anomdiesdrikingly smilar tothoseobservedin schizo-
phrenia. Thustheextant evidencefor theroleof oxida
tive stressin the pathophysi ol ogy of neuropsychiatric
disorders such as Schizophrenia, Depression,
Alzheimer’s disease, epilepsy etc offers a hypothesis
derived therapeutic approach in theform of antioxi-
dants. Vitamin E and vitamin C arewe | known antioxi-
dantsthat are postul ated to protect against damageto
biologica membranesby their ability to scavengefree
radicals. Accordingly, severa studieshave examined
theefficacy of vitamin E or vitamin Cin thetreatment of
schizophrenid®?.,

Treatment of schizophrenia, particularly the most
disturbing symptomsisconsidered to bevery difficult.
Thisisbecausetreatment with both typical aswell as
atypica antipsychoticshasserioussideeffectsthat lead
toasignificant lossof quality of life. It isimportant to
develop dternative or adjunctivetreatment strategies
that may augment the antipsychotic action and reduce
thesideeffects.

Clinicd tridsinvestigating adjunctiveantioxidants
inthetreatment of schizophreniaand depression have
utilized vitamin E and vitamin C, Ginkgo bilobaex-
tract and N-acetyl cysteine (NAC) have been con-
sidered for some to improve the outcome of these
diseases?. Supplementation hasbeen done, first with
vitamin C with haloperidol reported no symptomatic
improvement(. Then vitamins E/C alongwith omega
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— 3 fatty acids, shown Sgnificant symptomaticimprove-
ment, but no significant change in oxidative products
has been found®.

Some studies showed reversal of MDA, ascorbic
acid and SOD levelsa ong withimproved positiveand
negative symptoms, extrapyramida side effectsand
superior BPRS outcomé®”. Astheevidenceisincreas-
ing for theincreased oxidative stress and oxidative
cellular injury invarious neuropsychiatric disorders,
use of morethan one antioxidant vitamin may bethe
preferred supplementation. Thusthe use of antioxi-
dantsiscritical since peroxidative membraneinjury
may contribute to pathophysiol ogy and must be pre-
vented®. It isalsoimportant to point out that the num-
ber of studies hasreported variable therapeutic ef-
fectsof dietary antioxidants, primarily vitamin E on
tardivedyskinesig¥. Supplementationwith vitamin C,
an effectiveintracellular antioxidant, hasnot beentried,
dthoughitsusein preventingintracd lular peroxidative
injury and restoration of activevitamin E for the pre-
vention of membranelipid peroxidation hasbeen sug-
gested!®.

Thereisalack of sufficient information on oxida
tiveprocessin cerebrospind fluid and brain. Consider-
ingthesizeof the CNSin comparisonto theother com-
partments of the human body, it seemsreasonableto
assumetha changesintheleve sof variousbiomolecules
insgdethebrain caninfluencethe plasmalevel sof those
biomarkers. Thiswas concluded by variousstudieson
CNS (CSF, post mortem or animals) showed at |east
correlativetendencieswith studies assaying biomarkers
in erythrocytes, plasmaor polymophonuclears. So
most of the oxidative stressin patientswith schizophre-
niahave made on periphera tissues.

The patientswith schizophreniahad increased se-
rum Malondial dehyde level sand decreased plasma
ascorbic acid levels, which provesincreased oxida
tivestress. Theseleve sweresgnificantly reversed after
treatment with vitamin C along with atypical
antipsychotics compared to placebo with atypical
antipsychotics. BPRS scoresimproved significantly
with addition of vitamin C as compared to placebo
after 8 weeks of treatment(®l. The supplementary use
of vitamin Cin schizophreniarequirescaution sncea
high dietary intake of iron will result invitamin C hav-
ing apro-oxidant rather than an antioxidant action.
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Vitamin E isalipid soluble antioxidant with the poten-
tial to prevent oxidative damage. However, vitamin E
cannot prevent oxidative damageto cytosolic proteins,
mitochondria, and nuclei, wheremost of theROS are
generated. Therefore, it may beimportant to usevita-
min Eincombinationwith vitamin C. Addition of vita-
min C probably reducesthisrisk becauseof itsinterac-
tionswithvitaminE, i.e. vitamin Creducesvitamin E
radical sformed when vitamin E scavengesthe oxygen
radicag'9. Also, thesesvitaminsaresuitablefor human
clinicd triasbecausethey arereadily available, inex-
pensiveand rdaively safd™. We havethereforetested
the safety and efficacy of combiningvitamin CandEin
asampleof patients. So, aim of this study wasto ex-
plorethebeneficia effectsof combined supplementa
tion of vitamin E and C on oxidative stressparameters
inschizophreniapatients. Also to suggest thenew thera:
peuti c approaches using gopropriate antioxidantswhich
might partially alleviate or prevent the symptoms of
schizophrenia

MATERIALSAND METHODS

Thisprospective cohort study, 12 weekstrial was
carried out in the department of Biochemistry and out-
patient and inpatient department of Psychiatry,
PDVVPF’s Medical College, Ahmednagar, India.
Study group consist of acontrol group of healthy sub-
jectsand that of schizophreniaselected consecutively.
Healthy subjects morethan 18 years of age, of both
sexes, morethan 50 kilogramsweight, taking good
diet, non-smokers, and non-alcoholic, free of any
medication for at |east one month prior to study were
selected as controls. These were enrolled from the
genera population and academic community.

The research protocol and consent forms were
approved by ingtitutional ethicscommittee. Somethe
pati ents had adecis on-making capacity and consented
for the study signed the consent form, but most of the
cases, the consent form was signed by thefamily mem-
bers. After taking consent and screening with routine
investigations, physical examination. Fasting blood
samples were obtained at 0 weeks and at the end of
12" weeksfromthestart of thetreatment. After initial
analysis subjectsweredivided into to two groups by
stratified sampling. First group receiving regular an-
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tipsychotic trestment (consi sting of hal operidol, dose
decided by psychiatrist, dependson severity) and sec-
ond group alow receiving antioxidant vitaminsE and
C along with antipsychotic treatment. The vitamin
supplementation was carried out by supplying both
vitamin E (400 1U,dI-a-tocopheryl acetate/day, Evion)
and vitamin C (250 mg L-ascorbic acid/day, Celin).
The patientswereinstructed to consumevitamin E
and C daily for the duration of 12 weeks (3 months).
After 12 weeks of supplementation, the effect of
supplements was assessed by measurement of oxi-
dant and anti oxidant markersin the patient.

The patient and control wereexcluded for highlev-
elsof dietary supplementa, sever under or malnourish-
ment, seizure disorders, head injury, with lossof con-
sciousness, a cohol and substance abuse and depen-
dence, excessvesmoking, typell diabetes, lipid disor-
ders, cardiovascul ar diseases, hypertension or afamily
history of thesame. Thesefactorsand obesity, whichis
alsorarely seenin these patients, knownto affect free
radical sand antioxidant statuswere a so excluded.

Diagnodsof schizophreniawasderived by structured
clinica interview (SCID-P) accordingto axisl of DSM-
IV (Diagnostic and Statistical manual of Mental Disor-
ders- fourth edition) criterid*?. PatientswithWAIS-R
full scalelQ<80wereexcluded. The psychopathology
of statusof the patient was assessed on admissionand
after treetment by atrained physicianusng PANSS(pos-
tiveand negative symptoms scale) score.

Thefollowing laboratory investigatin werecarried
out
1) Completeblood count to exclude anemiaor any

other dbnormality.

2) Rend functiontests(blood ureaand serum cregti-
nine) to excluderend impairement.

3) Liverfunctionteststoexcludeliver affection, espe-
cidly thosewith diminished dbuminleve sor high
globulinleves

Biochemical assays

The heparinised venous blood samples obtained
from these subjectswere used for theanaysis. Plasma
was separated by centrifugation at 3000 g for 15 min-
utes. Separated plasmawas used for the estimation of
MDA, vitamin E, vitamin C, TAC. Thebuffy coat was
removed and the packed cells were washed three
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timeswith physiological saline. The erythrocytessus-
pension was prepared by the method of Dodge et.
al.[™¥ modified by Quist!*. The packed cellswere
used for theanalysis of SOD and GSH. SOD activ-
ity was measured in hemolysate, according to the
method of Kgjari Dag*®. Superoxideradicalswere
generated by photoreduction of riboflavin. These
radicals react with hydroxylamine hydrochloride to
producenitrite. Thenitriteinturnsreactswith sulfa-
nilamide to produce diazonium compound, which
subsequently react with N-naphthylene diamineto
form ared colored azocompound whose absorbance
was measured at 543nm.

Erythrocyte GSH was estimated by the method
of Beutler et. a. using dithio-bis- nitro benzoic acid
(DTNB)™¢, DTNB was reduced by sulf-hydryl com-
poundsto an intenseyellow colored complex which
was measured at 412nm.

Plasma vitamin E (al pha-tocopherol) was de-
termined by the method of Baker and Frank™7. Vi-
tamin E was measured by their reduction of ferric
to ferrousionswhich then formsared colored com-
plex with dipyridyl. Tocopherol and carotene were
first extracted into xylene and absorbance was mea-
sured at 460nm to measure carotene. A correction
for carotenes was made after adding ferric chloride
and read at 520nm.

Ascorbic acid levelswere estimated in plasma
by the method of Tietz!*®l. Ascorbic acid was oxi-
dized to diketogulonic acid in the presence of strong
acid solution. Thisketogulonic acid reactswith 2,4-
dinitrophenyl hydrazine to form diphenylhydrazone
which dissolved in sulphuric acid to producered col-
ored complex which measured spectrophotometri-
cally at 520nm.

PlasmaM DA concentrationswas determined as
the measure of TBARS'¥. MDA asanindicator of
oxidative stressmeasuring it asasecondary fragmen-
tation product of PUFA peroxide, athiobarbituric acid
reactive substance (TBARS) that givesapink col-
ored complex with thiobarbituric acid (TBA). It was
read on aspectrophotometer (Systronic Co. Guijrat,
India) at 530nm.

TAC was measured by the assay of FRAP?, Fer-
rictripyridyl triazide (Felll-TPTZ) complex wasre-
duced to itsferrousform, which isintense blue col-
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ored complex and absorb light at 593nm. All there-
agents used were of analytical reagent grade and pur-
chased by local chemical distributors.

Satistical analysis

Satigtica andyssbetween controlsand patientswas
performed by using SPSSversion 17 package (Chicago,
USA). Thetest for normaity wasaccomplished by the
normality plots. Students't” test was done for group com-
parison. The data were expressed as mean+ SD. All
analysesweretwo-tailed and used p of 0.05 or lessto
determinesgnificance.

RESULTS

TABLE 1 shows demographic features of the
schizophrenicpatients. Theresultsof theoxidative stress
parametersstudy areillustratedinthe TABLE 2. Sig-
nificantly increased levelsof MDA wasseeninthepa
tient before treatment compared to controls, whereas
thelevelsM DA weres gnificantly reduced after supple-
mentation of antioxidant in the patient ascompared to
the patient before treatment and those taking only
antipsychotics. Fromtheresultsit isevident that indi-
vidua antioxidant parameterslike SOD, GSH, vitamin
E, vitamin C etc. and total antioxidant capacity were
significantly reduced in the pre-treatment patients as
compared to healthy controls. But the significant im-
provement inthese parameter levelsinthe [I™group
patientsthan that of ¥ group patient. Theresultsalso
reved ed that Sgnificant improvement of clinical symp-
tomsindicated by PANSS, in the patients receiving
antioxidant supplementation ascompared to patients
recelving antipsychoticsaone.

TABLE 1: Clinical demogr aphic featuresof schizophrenia
patients

Schizophr enia patients (n=40) Mean £SD
Age (years) 32.8+14.4
Gender (M/F) 18/12
Duration of illness (months) 8.5+ 6.8
Hemoglobin (Gm %) 32.3t1.3

DISCUSSION

There are very few studies that the combined
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TABLE 2: Themean +SD values of plasma MDA, Erythrocyte-SOD, GSH, plasma VITAMIN E, VITAMIN C, and TAC in
controlsand patientswith schizophr eniabeforeand after intervention

Schizophrenic patients

After regular treatment

controls Before After regular A .
Parameters P values
(n=40) treatment(BT)  treatment (RT) antioxidant supplementation
(n=40) (n=20) (RT+S)
(n=20)
MDA 253.22+ a, b, c d<
(nmol/L) 39.20 367.33+ 58.49 329.65+ 40.01 280.97+ 45.23 0.0001
A< 0.0001,
SOD (Ulgm 5481638 20.05:3.97 20,50+ 1.43 21.88+ 1.40 b=N'S, c= 0.05,
Hb) —
d=0.004
GSH (mg/gm 34.68 a< 0.0001, b,c,
Hb) 467 26.81+ 3.53 28.09+ 2.32 26.69+ 2.17 d=NS,
Vitamin E 10.13 a< 0.0001,b,
(mglL) 111 9.20+ 0.82 9.38+ 1.07 10.04+ 1.17 4=NS, C=0.002
Vitamin C a, ¢< 0.0001,
(mg/dL) 0.90 0.21 0.63+ 0.14 0.64+ 0.09 0.81+ 0.16 b=NS, 4<0.0002
a<0.0001,
TAC 904.61+ 761.93 + 105.00 767.81+ 22.70 845.58+ 94.78 b=NS, c=0.004,
(nmoal/L) 111.40 .
d=0.03
b, d=NS,
PANSS 84.20+ 13.75 77.25+12.27 75.30+14.60 _
c=0.024

Values are expressed as mean + SD Control vs. BT= a, BT vs. RT=b, BT vs. RT+S=¢, RT vs. RT+S NS=Non-significant

supplementation of vitamin E and Ciseffectiveimprove-
ment inthelevelsof oxidative stress parametersso as
to maintain homeostasis of freeradicalsand antioxi-
dants. Our resultsareinconsi stent to the many studies
thestudiesinthefield of schizophreniaresearch. The
use of combined supplementation of vitaminEand Cis
justified by few studiesindicating that pathophysiology
schizophreniaof involvesboth reduced anti oxidant de-
fense system and increased oxidative stressmediated
lipid peroxidation®22, Few studieswith supplemen-
tation with either vitamin E or C alone havereported
inconsistent and variableimprovement in theclinical
measures. Thisstudy isalso uniquesinceitinvolved
patients and normal controlswith sameracial back-
ground with smilar lifestyleand dietary patterns.
Thissuggests severa waysin which ongoing oxi-
dative stressmight impact the occurance and course of
schizophrenia. Severa studieshave shown that alter-
ation inthe antioxidant defense system cause cognitive
impai rment and biochemica relevant to schizophrenia.
Our sudy hasshown highly Sgnificantincreaseinplasma
MDA level in pre-treatment patient as compared to
controls. Thisclearly indicatesthat thereisincreased
oxidative stressmediated lipid peroxidation. Our re-
sultsalsoreved that the antioxidant defense system s

aso severdy affected. A sgnificant reductioninthe SOD
activity in patients, before treatment as compared to
controls. Thedecreasein theactivity of thisantioxidant
enzymeagainst lipid peroxidation duetoincreased oxi-
dativestress. SOD, achief regulator of oxidative stress,
wasfound to be compromised with anincreased oxi-
dativestressin schizophreniapatients®. However, there
isnot significant changeinthe SOD activity wasseenin
the patientsreceiving either regular treatment or anti-
oxidant supplementation.

The present study showed significant reductionin
the erythrocyte-GSH, plasmavitamin E,Cand TAC
level sin schizophrenicsbefore any treetment. The GSH
deficit foundin this study and previousreportsindi-
catestheroleof GSH in pathophysiology of variety of
neuropsychiatric disordersincluding schizophrenia. This
may beinvolved in membrane peroxidationand micro
lesionsre ated to dopamine, which seemto beincreased
inschizophrenia, suggeststhat GSH may beapossible
indicator of damagein neuronal membrang?4. Vitamin
E isthepotent lipid solubl e antioxidant that stopsthe
spread of thechainreactioninthelipid part of thecell
membrane. Currently thereisnot enough evidencethat
providestheinformation about the supplementationwith
vitamin E improves symptoms of neurol eptic- induced
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tardivedyskinesid?. Vitamin Cisawater solubleanti-
oxidant that scavengesreactivespecies. It caninhibits
peroxidation of themembrane phospholipidsand can
alsoimproveregeneration of vitamin E. Vitamin Cis
found a higher than plasmaleve sinavariety of tissues,
including the brain (thereisagreater than 10-fold gra-
dient between the concentration of ascorbicacidinbran
and serum)!¥, Vitamin Cisasoimportant for maintain-
ing levelsof antioxidant vitamin E by reducingthevita-
min E radical. Each antioxidant nutrient has specific
activities. Yet incombinationthey arefoundto bemore
effective, suggesting synergistic action, After supple-
mentation of these antioxidantsthelevelsof erythro-
cyte-GSH, vitamin Eand C, and TACin plasmawere
significantly improved towardsnorma ascomparedto
I group patients. Thusthedataanaysis suggested that
theantioxidant vitaminsparticularly plasmaascorbate
and vitamin E significantly contributein reducing the
oxidativestress. Thepreviousstudies, it hasbeen found
that thelevelsof nutrient antioxidant ascorbate and vi-
tamin E declineasaresult of theincreasing oxidative
gress. Inthefew studiesacombination of both antioxi-
dants (vitamin E and vitamin C) was used, theresults
showed that the dyskinetic movementstotal scorewas
significantly reduced. Resultsof thevitamin combina
tion are promising and further studieson thiscombina-
tion therapy are suggested®. Declinein TACisalso
associated with increased production of freeradicals
and decreased level s of antioxidant defenses. Our data
regarding the TAC isconsistent with the previousre-
ports showing depl etion of main antioxidants: vitamin
E, C, GSH and decreased activities of antioxidant en-
zymein schizophrenid? . Thisprovidestheindica-
tion that the mechani smsof freeradical induced dam-
agetolipids, proteinsand DNA may beinvolvedinthe
pathogenesisof schizophrenia. Inthe present study, we
have observed that PANSS scoreat 12weeksimproved
sgnificantly with antioxidant supplementation ascom-
pared to anti psychoticstrestment. Themgor limitation
of the present study islesssamplesize. Thus, further
studieson larger number of patients, subgroup analysis
according to age, symptomsand theduration of illness
should becarried out. Analyzing and comparison of the
total antioxidant and total oxidant statuslevelsamong
groups might have give the best resultsto assert the
antioxidant vitamins effect and the oxidative stressin-

volvement inthe pathogenesi s of the schizophrenia.
CONCLUSION

In conclusion, oxidative stressmay beinvolvedin
schizophrenic paientsand thetrestment with antioxidants
intheinitia stageof thedisease may be useful assecond-
ary therapy to prevent the oxidative damage and dete-
rioration of theneural tissuesin schizophrenia. There-
sultsof our sudy have shown higher oxygenfreeradica
production and decreased SOD activity supportsthe
higher oxidative stress hypothesi sin schizophrenic pa-
tients. Itisevident from the study that increased oxida-
tivestressin schizophrenicsleadsto decreaseinthelev-
esof antioxidantslike GSH, vitaminEand Cand disturb
their metabolism, whichweskenther ability tofight the
growing stress.
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